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The following pages have been recently contributed to, and are 
reprinted, with additions, from the Mining Journal. 

They are the results of notes made, in rather restricted 
intervals of leisure, of the author^s observations and investiga- 
tions, which his position in connection with the mines afforded 
him the means of making, supported by those of others, 
drawn freely from every authentic source within his reach, 
particularly the Journal of the Indian Archipelago, and the 
Becorda of the Government of Ferak, besides obtaining data 
from the most reliable of the mine owners in Larut. He has 
endeavoured to connect and arrange multifarious facts, consti- 
tuting the chief novelty and recommendation of the work, 
which, he is folly aware, is capable of extension and improve- 
ment. 

P. D. 

Thaipeng, Larut, Perae, 
January, 1879. 



a 






LIBRA li V 



U N 1 V K R S 1 T Y () F 



X 



TIN MINING IN LARDT. 



The tin industry is fast developing, under British protection, in 
Lamt, and bids fair to eclipse, in a period far from remote, the 
productions of the other parts of the Peninsula and islands of 
the Archipelago. There is* no exaggeration in the statement 
that its deposits (which exceed in richness those of any other 
tin-producing country in the East), if worked with British 
capital and enterprise, with appliances of modem machinery, 
would surpass the production of any other part of the known 
world. 

Before proceeding to describe the geological features of the 
country, and deal with its mineralogical productions, a brief 
historical Summary, by way of introduction, will not, it is 
presumed, be devoid of interest or unacceptable to readers. 

Every now and again, some great catastrophe arouses our 
attention, and forces us, in spite of ourselves, to search more 
carefully the distant locality in which the event has taken 
place. It is not long since the murder of Mr. Birch, a represen- 
tative of the British Government in the State of Perak, drew the 
attention of Englishmen more immediately to the Malay Penin- 
sula. On the west coast of this tongue of land, which stretches 
nearly to the equator, lies the rich territory of Perak, once 
ruled over by a Sultan and his petty chiefs. Larut, the sub- 
sidiary district of Perak, was under an enterprising man, 
appointed by the then reigning Sultan before 1855, and from 
the revenue of its large tin mines afforded him the opportunity 
of privately enriching himself. This man kept the Chinese — 
who comprise the bulk of the population — ^under control, but 
on his death, and the succession of his son, these split up into 
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a TIN MINING IN LARUT. 

two rival sections, and began a series of disturbances, and snb- 
seqnent piracies, which led finally to the necessity for British 
interference in self-preservation, since the contagion of dis- 
affection was spreading to Penang, Malacca, and Singapore. 
British Besidents and Assistant Besidents were sent to the Court 
of the Saltan to help him to preserve peace in his dominions. 
It would be out of place here to dwell on the treachery of the 
Sultan and his chiefs, which culminated in the assassination of 
Mr. Birch, their pnnishment, and the new rSgime as a British 
Protectorate. It will suffice for our purposes to mention that, 
as regards Larut, considerable success has all along attended 
British intervention in the a£EiEdrs of this subdivision of the State, 
and that the social and political condition is on a par with that 
of the adjoining British settlements, of which it will become, it 
may be safely presaged — as an inevitable result of the existing 
policy — a valuable component. 

B^Etders desirous of becoming acquainted with every interest- 
ing point of information about this rich and wide-spreading 
country — ^'^so mild in climate, so luxuriant in v^etation, so 
regular in the succession of refreshing rains, so unvisited by 
storms that prevail in the East" — are referred to Major 
McNair*s recent valuable work,* which will amply repay 
perusal. 

The geological formation of the Peninsula has been described 
as granitic, overlaid most generally by sandstone, and fre- 
quently also by laterite or cellular clay ironstone, and to the 
north by limestone. A granitic mountain chain runs along the 
whole length of the Peninsula, and on both sides of it, but 
particularly on its western one, or that sheltered by Sumatra, 
there are extensive alluvial plains little above the level of the 
sea. The prevailing metals are iron, tin, and gold. Iron ores 
are found everywhere, and tin in all parts where it is sought. 

There is a striking resemblance in the mineral characteristics 

of all parts of the Malayan Peninsula — particularly as regards 

the unvarying general conditions under which the deposits of 

tin are found throughout the fall extent of the Malayan tin 

• * Perak and the Malays,* ** Sarong and Kria.** 
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field, stretching, as it does, over 17 degrees of latitude and 10 of 
longitude, from Tenasseram (Tayoy) in the north to Banca and 
Billeton in the south ; and the observations of Messrs. Logan, 
Horsfield, and others, in different parts of this area, have been 
verified in a corresponding identity with those recently noted in 
Larut. 

Perak is the second Malay state of the western side of the 
Peninsula, counting from the north, and Larut, its chief pro- 
vince, is an irregular strip of country about 70 miles in length, 
varying from 10 to 25 miles' in breadth, bordering on the coast. 

The physical aspect of Larut is level from the sea-shore to 
some ten miles inland, where the mountain ranges rise to an 
altitude of nearly 5000 feet above the level of the sea, and run 
in an almost unbroken line in a north-westerly direction, with 
detached hills at intervals at their base. The whole of the 
land lying along the base of the Larut ranges is more or less 
stanniferous. This strip is in length about 50 mUes, with an 
average breadth of six miles. The level of this belt is even 
now undergoing a change by the alluvium brought down from 
the hills by a rainfall exceeding 150 inches throughout the year. 

All the ore heretofore worked has been found in the alluvion 
or detritus of ancient mountains — what is called in mining lan- 
guage "stream-works" — obtained by washing the soil in the 
same manner as, for the most part, gold in Australia and 
California. No ore has ever been obtained by mining the 
rocks containing veins of it, although it has been traced to them. 

The tin beds are composed of debris of granitic rocks, mixed 
with the ore, which— -exemplifying the various stages of progres- 
sion from the lode in the hills to tbe dust on the plains, the 
fragments becoming smaller the further they recede down 
and from the hills, and proving beyond a doubt, that attrition 
of enormous power has at some period of the earth's history 
been brought into play — varies in size of crystal (peroxide 
of tin) from that of fine sand to that of an ordinary quartz 
pebble. 

Conflicting geological speculations exist regarding these de- 
posits of tin ore. There are evidences in favour of an alluvial 
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origin, which many circmnstances strongly support. The 
earlier waste of the hills before allnded to, which consists of a 
coarse granite in which the tin-stone united with ore is enclosed 
in veins, appears to have produced, by a slow decomposition of 
the rock itself, successive layers, in which the secondary tin is 
now found. 

This process, but, as would be expected, in a much modified 
form, demonstrating how deposits have been spread over large 
areas during long periods, is in active operation at the present 
day. Further, the embedded remains — including the trunks of 
trees in varying stages of decay — ^frequently met with in the 
workings, all tend to prove that some of the deposits may be 
appropriately designated as " recent." 

Sections of the mines show that the strata under the soil con- 
sist of alternate bands of sand, with sometimes high admixtures 
of dark clay of different colours. There is something singular 
in the appearance of these strata, which exhibit strikingly the 
agitation of water at the period of stratification. There is also 
striking evidence of the operation — visible in the arrangement 
of the superior strata — of a powerful cause in the effect produced 
on the separate fragments comprising the last layer which con- 
tains the ore of the tin. 

These substances are almost silicious, composed of quartz, 
felspar, mica, and schorl, among which are found occasionally 
masses of clay, but they appear to have been subjected to a power, 
which in many cases has completely dissolved their union or 
the adhesion of their particles : most of them are so loose in 
their texture that they cannot be handled without separating 
and crumbling to pieces. The regular striated surface which 
appears on some of these fragments is highly characteristic of 
their original composition — the particles of quartz have re- 
mained and show themselves on the strisB, while the felspar 
separates as a white powder. Many of the fragments possessing 
more solidity, have rounded angles, and their surfaces marked 
with numerous intersecting lines show them to belong to those 
silicious rocks occurring in extensive veins in different parts of 
the country. 
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The termination of the tin stratmn is indicated by a pecu- 
liarly white clayey substance, which becomes friable by drying, 
and is called Kongtay by the Chinese. The Kong is everywhere 
of precisely the same quality — sometimes yellow, sometimes 
white, or somewhat of a bluish colour, and consists of Kaylien, 
sometimes mixed with fine quartz sand, which is a decomposed 
product of felspar.' Borings through the Kong taken to a 
depth of 20 feet yielded nothing but the same, with more or 
less quartz sand. 

Differences of opinion arise as to whether this white (porce- 
lain) clay will be found invariably underlying the stanniferous 
deposits. In the Larut field, it may be considered as the general 
mode of occurrence, the only exceptions to the rule being where 
the tin stratum rests upon sandstone. Even in these instances 
opinions vary as to the possibility of this being another form of 
the silicate of alumina with a large admixture of the quartz 
sand before adverted to. 

The following are sections of the mines in different localities, 
giving a very fair criterion of the district : — 



I. 

Feet. 

Vegetable mould 1*25 

Loam 1*00 

Sand .. .. , 4*00 

Bluish clay .. 3*50 

Darkish clay 3*75 

Stratum of ore .. .. .. 6*00 

II. 

Mould soil 3*00 

Varying shades of clay, from 
dark yellow to whitish 

grey 12*00 

Light gravelly drift .. .. 3*00 

Stratum of ore 6*00 

IIL 

Mould sou 4-00 

Shades of sand from white 

to brown 4*00 

Dark grey sand 6*00 

Stratum of ore 4*00 

Pipe-clay ., ? 



IV. 

Feet. 

Bed loam 2*00 

Sand drift 5*50 

White grey day 4*50 

Black clay (containing trunks 

of trees) 2*00 

Stratum of ore 5*00 

Pipe-clay ? 

V. 

Bed loam 4*00 

Sand drift 8*75 

Whitish grey clay . . . . 9 * 25 

Stratum of ore 6*00 

Sandstone ? 

VL 

Bed earth loam 5*00 

Whitish grey clay .. ,. 3*00 

Drift sand 8*50 

Stratum of ore 8*00 

Sandstone ? 
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Some idea of the irregular and oonfdsed stratification of this 
tin field may be derived from the fetct that in an excavation 
(working) of less than 100 feet square, the details of the sec- 
tions of no two of its sides were similar, although of course, all 
agreeing generally. 

The depth at which the stratum of tin-ore is obtained, and its 
thickness depend upon position and locality. The mines cover 
an area of nearly four square miles — or less than a tenth of the 
accessible tin land— divided into three sections, viz. : — Assam- 
Eumbang, Eamunting, and Topai — ^in the order of their existing 
size and importance. The variations of depth and thickness of 
the ore layer may be seen from the following statement : — 



SecttODS. 


Depth. 


Thickness. 


Remarks. 


Mean. 


Range. 


Mean. Range. 


Assam-Eombang 
EamantiBg .. 
Topai .. .. 


160 

9-9 

18-2 


10 to 25-5 

4 „ 21-0 

12 „ 250 


30 
4-9 
51 


2 to 50 

2 „ 7-5 

3 „ 70 


Derived from 15 minea 
43 „ 
21 „ 



There is probably no working of a greater depth than 30 feet, 
or deposit of a greater thickness than 10 feet, which figures 
may, therefore, be safely taken in these respects as the maxima 
for the field. 

At present the extensive mining operations in Larut are 
carried on entirely by Chinese, which nationality also probably 
forms nine-tenths of the population. There have been various 
estimates framed, all more or less based on uncertainties, as to 
the Chinese population in Larut. It is exceedingly difficult to 
determine the number even approximately; scattered as they 
are, and so irregularly distributed — 1400 may be taken as the 
limity the mines affording occupation for fully a half of this 
number. 

There are 80 mines in operation in Larut, owned by 40 
kongsees or firms, with an average of nearly 86 men per mine, 
distributed as follows : — * 



/ 



This statement is entirely derived from miofficial sources. 
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Sections. 


Number 

of 
Mines. 


Number 

of 

Men. 


Range. 


Remarks. 


Assam-Kumbang 

Kamunting 

Topai 


38 
30 
12 


3827 

1809 
1207 


20 to 210 
15 „ 300 
60 „ 210 


To these might be added 96 
'* Lampan " workings on the 
hills, at various elevations, 
on which 355 men are en- 
gaged, either singly or in 
small gangs, ranging up to, 
but seldom exceedmg, six 
shares. 


Total .. 


80 


6843 


15 „ 300 



The four largest and richest mines in the Assam-Eumbang 
section belong to one firm, the Hap Seng Eongsee, which 
employs upwards of 600 coolies. But the largest mine of any in 
the country is owned by the Kong Loon Eongsee, in Eamunting, 
under the direction of an enterprising Chinese gentleman, 
Captain* Ah Quee, whose appreciation of European appliances 
is evinced by a centrifugal .pump and engine, in supersession of 
the cumbrous, and comparatively useless, Chinese water-wheel 
(of which more hereafter). There are 300 coolies employed on 
this mine, which is the highest number of all the workings. 

The health, social mode of living, and prosperity of the 
miners in Larut are — comparatively with those of the neigh- 
bouring States — good, due undoubtedly to their more profitable 
labour. They appear to understand the benefits of co-operation, 
and in many of their industries there is an association of labour 
as well as capital ; capabilities for organization and self-govern- 
ment being a national characteristic. The Chinese remain 
Chinese in whatever nation or place they may be, the worst 
feature being their clannishness — their national individuality. 
They are slaves of custom, doing everything by precedent, 
being disdainfully averse to improvement, which their peculiar 
religion and excessive superstition greatly aid and abet. They 
are proverbially industrious and enterprising, their constant 
plodding and dogged perseverance leading to progress " slow but 
sure." They are regular in their habits, eating and resting each 
day at regular hours — there b^ing no variation in their conduct. 

* Honorary rank, accorded from courtesy. 
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Gambling appears to be the besetting sin of the Chinese in 
Larat as elsewhere, and its prevention being impossible, the 
Government has very wisely licensed the vice, bringing it better 
under control and restricting its action, besides affording a 
remunerative source of income to the State. It is practised 
universally among the Chinese, and they go about it with a 
recUessness which does not accord with their usual safe business 
habits. Is is a rare and a curious sight to see a drunken China- 
man, none drinking enough to be called drunkards. But the 
habit of opimn eating and smoking, more particularly the latter, 
among them is aknost as universal as that of gambling. Many 
partake of the drug moderately, finding relief from the day's 
labour in the opium-pipe at night. These negative traits of 
character would necessarily be incomplete without a reference to 
the sanguinary encounters which sometimes ensue when rival 
factions of the Chinese come into hostile contact, during which 
it is said that John Chinaman*s celestial face is transformed into 
the visage of a demon i Before concluding this long, but not 
altogether unavoidable, digression, it may be well to mention 
that these people arrive at all ports of the Archipelago in vast 
numbers every year, and there can be no doubt that the 
"celestial" will be an important factor on the Pacific Coast 
lines wherever hard, earnest work, by human hands has to be 
performed. 

It is only necessary to allude to the influence which they have 
already exercised in California and Queensland in depreciating 
European, or rather " white " labour — leaving the political 
aspects of the '^ Chinese Immigration Question " to statesmen.* 

The mine holdings vary in extent from 1 to 20 orlongs,t the 
boundaries of which are continually changing from the irregular 
and unsystematic mode of working adopted by the Chinese, 
coupled with the fistct that no " register " has ever been kept of 
the limits or extent of the allotments. Further, the existing 
system of granting metalliferous land in Larut for mining 

* Since this was written the subject has been ably discussed in an 
elaborate article in * The Nineteenth Century* (No. 19, September, 1878), 
entitled, ** The Chinese as Colonists," by Sir Walter Medhurst. 

t An orlong is as near as possible I^ acre, being 80 yards square. 
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operations is very iiDsatisfactor7 as regards the tenure nnder 
which such lands are held. The system for a long time in 
operation is a " pass," supposed to be renewable yearly, which 
offers no security of any value in the money market, and it is 
satisfactory to record that Mr. Low, H.B.M.'s Eesident, is 
exerting his best endeavours to rectify the defect by the in- 
troduction of leases, as a security to encourage the expenditure 
of capital, leaving the revenue that would as a consequence 
accrue to the State aside. The form of lease which he suggests, 
and which is most likely to be adopted, requires and provides 
for a certain number of men to be constantly and steadily 
employed in working the holding — 21 years being the period 
judiciously selected for the duration of the lease. 

The liberty which had been granted to Chinese miners of 
choosing the ground for their work, has caused a large quantity 
to be unfit to be worked hereafter. There having been no 
regulations regarding the opening and abandoning of a mine, the 
finest localities were not unfrequently converted into pools, and 
thus for the most part entirely lost to Grovemment. In conse- 
quence also of the want of system and proper supervision which 
had until very recently prevailed, much valuable tin-bearing 
land has been covered up by the neighbouring workings, and 
is now comparatively inaccessible, and left imtouched among 
the abandoned workings. . 

The method of starting a mine in Larut is somewhat as fol- 
lows: — The "undertaker," after obtaining a claim-licence, is 
frequently unable to provide more than the kongsee and smelt- 
ing-houses, tools, and pumping machinery, besides, of course, 
collecting or importing the gang of coolies. In such cases, he 
has to resort to an " advancer " for the working expenses, 
including the food and necessaries of his coolies. The condi- 
tions imdor which the advancer agrees to supply these require- 
ments vary very much, but are, in some form or other, embodied 
in the following :— (1) Obtaining a tenth of the gross proceeds 
of the mine, in addition to a certain fixed high rate of interest — 
frequently 36 per cent, per annum — on the value of the articles 
supplied. (2) Keceiving the privilege of taking over the out- 
put of the mine at $2 per bhara, equivalent to about 4 per cent., 
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below the ruling market rate, with an enhancement, corre- 
sponding with the interest mentioned in (1), on the bazaar rates 
of provisions and necessaries. (3) Purchasing the speculator's 
claim, but keeping his interest alive in the working for a tenth 
of the yield, making his own arrangements with the coolies, and 
appropriating the residual balance, if any. It sometimes, how- 
ever, happens that the undertaker and advancer are one and the 
same individual, which, of course, tends greatly to simplify 
matters. 

All payments to coolies go through the hang kong, or head 
cooly, who is the middle man. As might be expected, the 
coolies' wages are paid differently, according to circumstances ; 
some by share in the results, others by petty contract or task, 
and some few by monthly wages. Individual earnings range 
from $6 to $8 per mensem, food and necessaries costing $3 to 
$4, leaving apparently a comparatively large balance, but, 
from the objectionable custom in vogue of only adjusting 
accounts once a year, the unfortunate cooly is compelled to exist 
on supplies advanced at an enormous increase on the bazaar 
prices, and as a consequence receives very little, if anything, at 
the final settlement. The miner's dietary is very simple, and 
generally consists of rice, with a little dried fish, and a small 
quantity of vegetables, with pork on feast days. This is the 
usual " messing " provided for them at the kongsees, which are 
supplied with any additional luxuries from the stores in Thai- 
peng, Kota, and Kamunting ; the articles most in request being 
opium, shamshu (spirit distilled from rice-wine), cakes, fruits, 
&c. In some few of the kongsees there is a shop on the pre- 
mises, and in, round, and about the workings small vegetable 
garden plots have sprung up ; a pleasant relief to the monotony 
of spoil-bank and pit of which the mining area is composed. 

The following are the current bazaar prices in Larut, which 
may possibly interest English readers : — 

$ c. 

Opium, per ball of 3 catties 18 00 

Salt fish, small, per picul 6 00 

Bice, per picul 4 20 

OU „ .. 16 00 

Trousers, each 50 

Coals „ 65 
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UTie mine prices being from 30 to 70 per cent, in advance of 
these. There can be no doubt that the advancer's profits are 
great ; but the risk which he has to undergo at times is also 
very great in proportion. The exact relation between under- 
taker, cooly, and advancer has never been defined, and is alto- 
gether in a very unsatisfactory condition — the custom varying 
in different mines, and even in the same mine at different times. 

The system of paying regular wages to the coolies is gradually 
but surely coming into force, and the towkays (headmen), with 
few exceptions, appear to think that it is the best plan of work- 
ing after all — Government being powerless for good under any 
other system. It cannot, however, entirely supersede the system 
of trucking, by which the advancer, as a rule, enriches himself 
by despoiling the cooly : there will evidently be less liability to 
the complications which always bewilder the poor cooly, who 
will have more control over his earnings, and be left to his 
option as to the store which he may be inclined to patronize for 
supplies, or the disposal of his money generally. 

It has been correctly remarked by one who knows the 
Chinese, and has seen them work, that more than any other 
nation it is necessary they should have a personal interest in 
their work. The nature of the ground in Larut precludes 
the universal adoption in the mines of the system in force in 
liUrope and elsewhere of letting out the work in small portions. 
Besides, an insuperable difficulty would be that the Chinese 
would not undertake such work without an advance; and if 
they found that they had miscalculated a contract, they would 
not work at all. A "Mines Eegulation Act" would, by no 
means, be a premature measure to introduce into the country. 
The extension of mining interests at the present accelerating 
rate will before long render it absolutely necessary. 

By some former rules for the working of mines — ^more 
honoured in the breach than the observance — the hours of work- 
ing were fixed at 6 to 9 a.m., and 1 to 4.80 p.m.; but this time 
was neither adhered to nor enforced. The working day varies 
from six to eight hours, according to agreement, the coolies 
having the option of working overtime outside these hours, 
but under the restriction of selling the outget to the advancer, 
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besides giving Him a fifth of the result for the use of implementSy 
or rather mining tools and plant. This mle being evidently 
unfair, open to abuse, and in other respects objectionable, is fai9t 
dying ont, being avoided by special agreement. There are sixteen 
privileged holidays sanctioned by custom in the Larut mines. 

Although the Chinese in general are largely experienced, 
active, and indefatigable in working their mining grounds, their 
mode of operation is still very imperfect, and susceptible of 
great improvement. The modus operandi of Tin Mining in 
Labut may be presented under four heads — ^I. Excavating^ or 
getting the tin ore. II. Pumping, or keeping the excavation 
free of the water, which would otherwise retard progress. 
m. Washing, or separating the ore ^m the earth, clay, sand, 
and pebbles with which it is found embedded ; and, lY . Smelt* 
ing, or the reduction of the ore to the metallic state. 

The first operation in " getting " is to remove the superin- 
cumbent earth. The Chinese miners in Larut generally take 
one side of the pit, and carry it (a vertical face) before them 
in no fixed direction, only following that which gives them 
most tin with least labour, irrespective of ulterior consequences. 
The tools employed are the universal ^chaukol or hoe, and for 
hard ground a sort of pickaxe. The '* spoil " is carried across 
and laid on the opposite side till the ore-bearing stratum is 
reached. This is a most tedious operation, the earth being 
conveyed in baskets suspended from the ends of a stick resting 
on the shoulder, up notched beams (Chinese ladders) to the sur- 
face, and then along to the place of deposit. The quantity 
carried does not average more, each trip, than a cubic foot of 
clay soil. The "pay" or "wash dirt" is taken in a similar 
way to the place where it is to be washed. The plan of 
stripping in stages of descending level ahead of the working 
fece may now in a few instances be seen since European super- 
vision has become something more than a name in the workings. 
Gk)vemment control is also exercised in preventing the forma- 
tion of " spoil-banks," on unworked land (to which objectionable 
practice a reference has been already made in a preceding para- 
graph), and insisting on the filling-in of the excavation behind 
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as its extension progresses forward. It has been ascertained 
that 100 men steadily employed can work 2 or 3 orlongs of tin 
land in a year, and — ^which may be verified from succeeding 
paragraph — produce 250 bharas* of metallic tin. 

Water is the great agent in the mining operations in Larut. 
Without water, or with only a limited amount, a claim that 
would have been otherwise highly productive, may either become 
valueless, or only capable of affording very irregular returns. 
It would be impossible to cleanse the tin-ore (sand) from the 
different earthy materials with which it is associated, or to turn 
the clumsy water-wheels by which the pits are drained, without 
this essential requisite, and it is the chief and a very fertile 
cause of dispute among the miners. Its want was at one time 
considered such a great dif&culty in the working of the mines 
that the apprehensions of Government were carried into the 
form of a proposal for the construction of reservoirs for a supply 
to meet certain contingencies at a cost of 25,000Z. It was 
fortunate for the country that no funds were available for 
carrying the scheme into execution, and the project has now 
been consigned to the limbo of a good many official ideas of 
interest and importance ; all alike more or less purporting to 
benefit the community and remunerate the State I The mining 
area has since the idea was first entertained, in 1874, increased 
largely and is still increasing ; the outget also increasing, as 
will be seen subsequently, in a much more favourable proportion. 
The difficulties regarding water supply arise more from waste 
and indiscriminate working than actual want, and, all things 
considered, the only remedy available, consistent with a non- 
interference with existing rights and the extension of the work- 
ings — ^is steam pumping-machinery, to the advantages of which 
the present head of the Administration (Mr. Low) is fully alive. 
The rainfall (already mentioned) is distributed throughout the 
year, which, coupled with the physical aspects of the country 
and its position with the zone of perpetual deposition, all place 

♦ One bhara = 3 piculs = 100 catties. The foreign or Chinese catty is 
equal in weight to 22 dollars, or 1^ lb. nearly. The Larut or Malay catty 
is equal in weight to 24 dollars, or 1} lb. nearly. 
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beyond the possibility of doubt that tiie anticipations of periods 
of long-continued droughts were raised (m very insufficient 
grounds. 

When a sufficient quantity of '^ tin-dirt " has been collected 
near the washing-place, the operation — which corresponds with 
the Oomish '^ huddling " — commences. The appliances for this 
purpose in Larut are much the same as some of those once in 
use in the placer- washings of Australia and California, but more 
particularly the " Tom " or " Long Tom " of the latter, which 
is a very close approach to the sluice-boxes uniyersally employed 
in the Larut washings. These boxes are little else than a 
trough or gutter, formed of three planks of from 20 to 30 feet 
in length, having the channel ^m 2 to 3 feet wide, and from 
1 to 2 feet deep, and placed at varying grades, dependent upon 
length, but the inclination never exceeding an angle of 10^. 
It is obvious, also, that the water supply available for washing 
should be an important consideration in regulating the cross 
section and fedl of the channel ; and the Chinese appear to be 
fully aware of the fact, the object being to obtain such a velocity 
that the water after disintegrating the '* dirt " in flowing down 
will carry on with it the gravel and earth, leaving the heavier 
tin-sand to sink in the trough behind "riffies'' or cross-slats, of 
which there are only two ; one about 5 feet from the upper end, 
and the other 2 feet above the lower end. After a sufficient 
quantity of tin-dirt is thrown into the gutter, and a stream 
of water turned on, three men travel in the box with chankols 
or hoes, by which the puddle is kept constantly stirred, and 
one man is employed with a rake, removing the large stones^ 
and throwing back against the current such portions of the 
wash-dirt is require further disintegration. Three m^i are 
necessary for clearing the tail of the small stones and sand 
which gradually accumulate at the bottom, while a fresh supply 
of tin-dirt is continuously shovelled in at the head of the trough. 
The Chinese, as a rule, always work with a heavy stream of 
water, and, no fork being used as in Australia and CaHfomia, 
the stuff is either carried through before it is sufficiently washed, 
or the force of the water carries off much of the finer particles 
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of tin-sand, which are thns practically lost to the undertaking. 
Great improvements might be made here with a view to prevent 
at least a part of the loss which attends these operations. That 
this loss is high, and perhaps excessively so, is proved by the 
circmnstanoe that in some of the workings a second washing is 
frequently considered necessary, and in others, the more indus- 
trious of the miners find it worth their while to devote their 
leisure hours to the same purpose. The yield of tin-sand varies 
from 1 to 2 per cent, of the tin-dirt. The cost of " washing " is 
generally included with that of " getting," and correct observa- 
tion, coupled with careful inquiry, show that it requires gene- 
rally 900 units of a miner's ordinary working day, to produce 
82 piculs of tin-sand, the range being between 800 and 1000, 
and rate, quarter-dollar per unit. This will be reverted to in 
the statistics of labour and cost of production, to follow here- 
after. 

On the termination of the washing, the ore, in the form of 
a black, heavy, fine-grained sand, is taken to the smelting- 
house. 

It may not be out of place to mention that the Chinese miners 
believe the tin-ore to be under the guardianship of demons, 
whom they anxiously endeavour to propitiate by offerings. 
Formerly they would not permit anyone to cross the ore- 
streams, but now they are constrained to confine this prohibi- 
tion to persons with shoes going down into the pit where the 
ore is lying. 

The only known instance of an attempt being made to intro- 
duce the European methods of working in the extraction of the 
tin-ore in the Larut mines was that made by an Australian 
miner, Mr. William Scott, from Melbourne (under the writer's 
superintendence), and the following results of one of the experi- 
mental adit levels driven into the face of cme of the pits, may 
possibly interest those connected with the tin industry else- 
where. 

Section of working : H = 4'6" W = 3'9". 

Lengthy on the clear, 24 feet ( == 7 sets, 4'0" from centre to 
centre). 
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Timbering : 7 sets, each set inclnding side, cap and sole pieces, 
requiring 16 mnning feet of timber = 112, at 4 cents a foot = 
$4 48c., and 4 top and 2 side laths between each set = 36, at 
8 cents a lath = $2 88c. ; labour in making and fixing, 2 car- 
penters for 10 days = 20, at 60c. a day = $12 ; total cost of tim- 
bering, labour and materials, $19 36c. or 80 cents a foot driven. 

" Getting " : 3 men for 10 days = 30, at 40c. a day = $12 ; 
6 men for 6 days = 30, at 30c. a day = $9 ; 8 coolies on occa- 
sions, at 25c. = $2 ; total cost of getting, including removing 
882*5 cubic feet of tin-wash or dirt, $21, or 87c. a foot driven, 
otherwise 18 cubic feet a dollar, or averaging nearly 6 cubic 
feet per man per day. This result is unreliable, as a great deal 
of the labour was dissipated in haling. 

Washing : 1 overman, at 40c. a day ; 10 men at 30c. a day 
= $3 ; total cost of washing 382 • 5 cubic feet tin-wash or dirt, 
$3 40c., or a little less than Ic. a foot, otherwise nearly 1^ cubic 
yard per man per day. 

The quantity of tin-dirt or wash extracted, 382*5 cubic feet, 
yielded 4*58 cubic feet, or 1*2 per cent, of tin-sand, weighing 
•571 catties, affording a " specific gravity " of 2*66, or a little 
over one-third of that of the white metal. 

The causes which necessitated the abandonment of the working 
were — (1) an obstruction, and (2) frequent floodings; both of 
which would have entailed unnecessary expenditure by a con- 
tinuance of the operations ; the latter being a disadvantage (from 
the contiguity of a sump) which might have been avoided, but 
the former (fallen drift timber of a bygone period) is a con- 
tingency which might be expected in alluvial (tin) ground any- 
where in Larut. 

The imdertaking was financially successful, for the 571 catties 
of tin-sand, the outget of the working, was sold (at 8c. a catty) 
for $45 68c., and thereby covering the working expenses, 
which aggregated $43 76c., besides leaving a margin of more 
than 4 per cent, to profit in less than a fortnight's operations. 
The further the working extended the proportionate cost would 
have decreased, leading only to one inference — that under more 
favourable conditions, backed by recent experience in similar 
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TindertakingB, better results must be a consequence more than 
possible, if not an absolute certainty. 

In concluding the part of the subject relating to the extrac- 
tion of the tin-ore, a few words may be added regarding a very 
good, and at the same time extremely simple, test for the detec« 
tion of this substance from among the many varieties of black 
sand with which it is likely to be confounded. It may not be 
generally known, and it will doubtless surprise many to' learn, 
that if a few grains of the crystals of tin-ore be first crushed 
with a hammer, and afterwards ground down in a glass or agate 
mortar, the resulting fine powder will be of a nice pink colour. 
Foreign adventurers prospecting for tin invariably apply this 
method, which is stated to answer well ; in fact, they carry a 
sort of diamond mortar, expressly constructed to fiEicilitate its 
appHcation. Iron-sand wiU be found to be irreducible under 
the pestle, and will not change its black colour. 

The spring level of the country may be taken at a depth of 
6 feet below the surface of the ground ; and accordingly, when 
the excavations have reached about this depth, and water is 
struck, it is then only that the miners* difficulties may be said 
to have commenced. 

The percolation of water into the workings from the com- 
paratively porous soils which overlie the ore stratum is veiy 
great indeed, which is in a great measure due to the numerous 
watercourses intersecting the workings, as well as to the high 
rainfall, and other causes. The mines being entirely quarries 
or open excavations, the effects of a tropical downpour may be 
easily imagined. The abandoned or disused mines also become 
so many pools, or, as it were, reserves, from which water oozes 
into the neighbouring workings. There is one continued 
struggle between the miner and this element for supremacy, in 
which the "Heathen-Chinee " rises superior to the difficulty, by 
bringing his proverbial ingenuity to the rescue; the result 
being the ^^ cMn^hia" or chain-pump, where the element is 
turned against itseK, and water utilized to overcome water. 

The reader will now commence to understand that the term 
'^ want of water," as applied to the Larut mines has only a local 
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mgnificatioii, implying a deficit in the streams wliioh proceed 
from the higher grounds into the mining area, and are there 
nsed for taming the water-wheels which work the pmnps 
engaged in draining. The subject has been adverted to before, 
bnt its importance will be the only excuse for reiterating that 
tteam^ii^ are indispensably necessary for the development of 
the tin industry in Larut, and it would amply repay any invest- 
ment made in this direction. 

The chain-pump in tise by the Ohinese in the Larut mines is 
only a modification of appliances long known in Europe and the 
Easi* It consists of a wooden gutter or working barrel, placed 
at an angle which seldom exceeds 20^ A fair average of the 
existing grades is 1 in 6. The gutter or trough is from 12 to 
16 inches high, and from 4 to 6 inches wide, and of lengths 
ranging up to 100 feet, composed of three single planks. A few 
inches above, and supported by framing attached to the sides, a 
fourth plank or platform runs for the full length parallel to the 
trough. An endless wooden chain, with wooden blades, about 
a foot apart on each side of the link, is exactly fitted to and 
works in the wooden channel, passing over two pulleys, or, 
more correctly, sprocket-wheelB, one at the upper and one at the 
lower end. The upper pulley is on the axle of an overshot 
water-wheel, driven from the tail race of the mine higher up, or 
• directly from the head race, and the pulley at the lower end of 
the pump, which is submerged, guides the blades which travel 
down the platform and up the trough, the water ^i^awn up by 
the floats being discharged into a channel at the head. In some 
of the smaller workings the pump is worked by coolies, by 
means of a treadmill on the shaft of the upper pulley, and, in a 
few instances formerly, bu£&Joes are said to have been the 
motive power. 

The water-wheels f in the Larut mines are from 4 to 5 feet 

* The CaUfomian wheel and Persian wheel are oh the same principle, 
t Eighty-four in all, distributed as follows : — 

Assam-Eumbang 19 

Kamunting .. .. 40 

Topai 25 

l^otal 84 
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diameter, and from 2 to 3 feet breast. The fall at each pmnp, 
its lift, and performance vary, and the following statement 
supplies all useful information on these heads : — 





FalLj 


lift. 


Dischaige. 


Ratio Effect. 
Power. 


Trough. 


No.., 


Cabic 
Feet per 
Minute. 


Gallons per 
Hour. 


Inclina- 
tion. 


Length. 


1 
2 
3 
4 

'1 


feet 
P 

5f 


leet 
14-0 
13-3 

9-0 
20-5 
13-0 
10^5 


9-57 
7-63 
4-17 
4-27 
4-46 
8^04 


3588-75 
2861-25 
1563-75 
1601-40 
1672-50 
3015 -3^ 


•18, or nearly 1 
•43, or over | 
-125, or i 
•36, or over 1 
•0974, or ^^ 
- 13, or nearly ^ 


degrees 
10 
10 
17 
13 
10 
7 


feet 
85 
84 
91 
92 
84 
84 


Means 


H 


134 


6-36 


2385^00 


•22, or over ^ 


9i 87 



Remarks, — These pumps were selected indiscriminately from the Assam- 
Kmnbang and Topai sections, and the measurements were taken on a 
morning succeeding a night of heavy rain, when the wheels were working 
under favourable conditions. 

The great waste of power is, no donbt, due to the very great 
friction necessitated by the construction of the machine. The 
advantages claimed are : (1) original cost, which is about $250 ; 
and (2) attendance, requiring only two men (one day, one night), 
at $8 per mensem, to look after and regulate it ; but, on the other 
hand, the wear and tear of machinery is very great ; the frequent 
renewals and repairs costing folly $150 per annum. 

The Chinese furnace in Larut for smelting the tinM)re (which, 
as mentioned, is in the form of a black sand) is open, and made 
of brick lined with a luting of clay. In shape it is more inclined 
to the cylindrical than funnel form. It is generally 5 or 6 feet 
high, and 3 or 4 feet in diameter. The tuyere is made &om a 
peculiar clay, and it is generally imported from Palembang, 
Sumatra. It is placed about 2 feet from the bottom of the 
nozzle, inclining towards the bottom of the furnace, at an angle 
of 45°, which position and direction appear to answer well. The 
furnace, after every cooling down, receives new lining and a new 
tuyere; no tuyere lasting more than a night. The smelting 

c 2 
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operations are carried on all the year round, bnt only dnring &e 
night ; a cnstom which appears to have been introdnced from 
the adjoining conntries, where the difference of temperature is 
▼ery great, being fully 20° between the day and night. There 
is a vent-hole in the bottom of the furnace, always kept open 
daring the operation of smelting by a long sapling, to prevent 
it from being choked np with slag, to admit of the molten tin 
nmning into a well, from which it is ladled and poured into the 
moulds.* 

The cold-blast is used by the aid of a bellows, formed from 
the trunk of a large tree, hollowed out and fitted with a piston. 
The air is discharged from both ends down a separate channel 
running outside and along the cylinder to the centre, whence it 
is led into the furnace. The wooden cylinder is placed hori- 
zontally behind the furnace, and the average is 14 inches dia- 
meter and 12 feet stroke, having in each end cover a 4-inch 
square clack-valve, which admits air, and closes on the return 
stroke of the piston. The piston is also of wood, with paper or 
feather packing ; the piston-rod and stu£&ng-box are also of the 
same material. The motive power is three coolies, grasping the 
wooden cross-head on the piston-rod, and walking rapidly 
towards and from the cylinder (two full blows and two quarter 
blows at a time). These men are relieved every hour. 

Charcoal from the neighbouring jungle is used, but nothing 
in the shape of a flux is considered necessary. Aflier the furnace 
is filled with charcoal and the requisite heat obtained, a shovel- 
ful of ore is sprinkled upon the top of the fire, then a basket 
of charcoal is laid upon that, and soon, alternately, layers of ore 
and charcoal. 

In this manner of smelting there is great loss, both from the 
finer ore being blown away, and from the partial oxidation of 
the tin. There is great room for improvement here; but all 
efforts to introduce a better mode of reducing the ore is looked 

* The ingots or slabs being cast in a peculiar form, made up of a rect- 
aQgnlar block^ 14 inches by 6 inches bj 2 inches, attached to the flat face 
of a semi-cylinder, 10 inches long and 14 inches diameter, and weighing 
from 50 to 60 catties each. 
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upon with suspicion and distrust. These open furnaces consume 
much charcoal, and at the present rate of consumption a diminu- 
tion in the supply of this article must ensue ; and, with the 
recognized affinity between rainfall and forest, the anticipations 
of this becoming a considerable cause for perplexity in the future 
are not entirely unfounded. 

It is almost unnecessary to add anything further to what has 
been already said on the superstitious practices of the Chinese 
miners, but they form an integral part of every smelting opera- 
tion, more particularly on the first smelting of the ore from a 
newly-opened mine, which is an occasion for great f eastings and 
sacrifices. 

The cost of smelting is comparatively great, and differs 
according as the ore is either smelted by mine-owners in their 
own furnaces at the kongsee houses, or by the storekeepers in 
the smelting-houses in the townships ; being in favour of the 
latter, as the necessaries for smelting form a part of their stock- 
in-trade, and, consequently, cost them much less than they 
would the miners, who are their customers. The subjoined 
statement gives the comparative cost of each operation : — 



ParticnlarB. 



Charcoal, 18* 58 piculs .. 
Two relays of three coolies 
One tindal or ovennaa .. 
Moulder and salt .. .. 

Crackers, candles, andj 
tobacco / 

10 catties of rice .. 
Vegetables and shamshu 

Total cost of smelting 32^ 
piculs of tin ore .. .. / 



Besnlting metallic tin 
piculs 



) 



Eongsees. 



Town- 
ship. 



35-67 
6-00 
1-50 
0-30 

0-30 

0-45 
2-00 



$ c 
31 '96 

5-40 

1-20 

0-20 

0-25 

0-40 
1-50 



46*22 



40-91 



19-20 



19-52 



Remarks. 



/This is the average number 
\ usually employed. 

{Salt -being customarily mixed 
with the mould earth. 
{Crackers and candles for the 
religious ceremony, which 
is always performed. 

Strange combination ! 

{The ore used being &om the 
Assam-Kumbang section. 
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It is Teiy difficnlt to obtain sati^&ctory information r^arding 
tiie percentage of tin obtained from the ore — 32 picnls of tin- 
sand smelted by the Topai kongsees at the same cost ($46 220.), 
only yielded 18 * 56 picnls of metallic tin. Farther, the Chinese 
are very indifferent to these sort of calcnlations, and from the 
process not being continnons and carefully conducted, no certain 
results can be obtained. 

A mean deduced from a large number of statements — all 
ranging between 58 and 62 — gives 60*7 as the average per- 
centage of metal obtained from the ore. It is stated that speci- 
mens of clean tin-ore from the Malayan Peninsula, sent to 
England, yielded from 75 to 82 per cent, of the metal ; but this 
was, doubtless, by a process with which the rude native methods 
could never hold comparison. In the Beport from the British 
Consulate at Batavia anent the Tin Mines of Banca, it is men- 
tioned that the greatest part of the stream tin-ore, when properly 
washed, contains from 75 to 76 per cent, of tin, out of which 73 
per cent, is secured by smelting ; and sometimes qualities of 
ore are found which only contain 60 per cent., or even less. In 
the year 1860 Cornwall and Devon produced 10,500 tons of ore, 
which yielded 6700 tons of tin, equivalent to 63*62 per ceni, 
and in the year 1874, the United Kingdom produced 14,039 tons 
of tin-ore, which yielded 9942 tons of metal, equivalent to 
70 * 82 per cent. These facts and figures go to support what has 
been already said regarding the richness of the deposits of tin- 
ore in Larut ; particularly if it be remembered that the greater 
part of the Cornwall tin is lode-tin, the ores of which have, in 
most instances, to be crushed and roasted, and otherwise purified, 
prior to smelting. 

There can only be very inconsiderable difference, if any, in 
the ore from the different parts of the Malayan tin-field, and any 
difference in the quality of the metal can only be chiefly derived 
from the greater or less care with which the process of smelting 
is conducted. A great deal, if not all, of the Larut tin is 
re-smelted in Fenang, which is the only port to which it is 
exported. The greater demand or higher selling price in the 
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market of Banca tin (sometimes a dollar a picul more than 
Malayan tin) can only be attributed to the fact that it contains 
less foreign impurities, due, no doubt, to the operations of tin- 
producing in Banca haying been carried on for a long time on a 
large scale and under European supervision. As according to 
Maldns all English commercial tin retains small traces of im- 
purity, amounting in the finest kinds to about * 3 per cent., the 
following analysis of Siak (Sumatra) slab-tin, by Mr. Backer 
Overbeck, a Dutch chemist, will create some surprise : — 

Tin .. ..* .. .. 99-966 
Iron 0004 

100- 
and sulphur in quantities too small for weighing. 

The exports of tin frbm the Straits Settlements in 1877 wbb 
195,483 piculs, of which 53,639 piculs were from Singapore, 
and 141,844 piculs from Penang, there being hardly ever any 
shipped direct for export from Malacca. Penang receives all 
the Lamt tin, and its imports for the same year showed 157,431 
piculs, of which 40,725 were from the Malay and 116,706 from 
the Siamese States. The exports of tin from Larut to Penang 
were 39,996 piculs, and if the higher weight of the Larut picul 
be considered, the conclusion is that all the tin imported into 
Penang from the native States of the Peninsula comes from 
Larut. 

The following analysis of the exports of tin from Penang will 
show better than anything else, the markets in which there is a 
great and increasing demand for Malayan tin : — 

Picals. 

India 28,648 

China 48,113 

United Kingdom 39,218 

Singapore, for transhipment to all three .. 25,865 

Total 141,844 

The following is a statement of the exports of tin — ^being the 
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prodaoe of the mines — ^from Lamt diuing a period of nearly five 
years, showing the amonnt of duty levied : — 



Period. 


Qoantity. 


Duty. 




Teara. 


MonthR. 




1874 

1875 

1876 
1877 

1878 


Feb. to Dec. 
Jan. to Deo. 

• 

Jan. to June 


picals 

11,035 

29,599 
30,576 
39,996 

19,738 


dollars 

70,227 

158,171 
133,221 
140,292 

71,691 


^From the commencement of the 
\ British administration. 

The prodnce of the other half- 
year has been estimated at 
25,000 picnls. 



It will be perceived that the exports of tin contribute largely 
to the revenue of the State. The highest tax levied on tin was 
$19 per bhara, including royalty land export duty. It has been 
successively reduced to $15, $12, and now stands at $10, with 
what beneficial effect on the development of the industry the 
above figures clearly prove. A tax exceeding one-third the value 
of the article was more than enough to cripple and even destroy 
any staple, and it speaks favourably of the remunerative value 
of the mines, that they survived the impost. 

The average production of the Government tin mines in the 
island of Baoica during the ten years ending 1876 has been 
68,607 piculs, the amount of labour used being 7000 Chinamen, 
or 9*8 piouls = 3*27 or 3J bharas* per man per year, which is 
a very high result ; for in the Larut mines the same number of 
men (according to a previous statement) only produced 40,000 
piculs, or 5 * 7 picnls = 1 * 9 or 2 bharas per man per year. The 
Chinese mine undertakers estimate their produce at 2 catties 
per man per working day, or 7 piculs 2 J bharas per year. The 
Larut system of labour is free, and that of Banca enforced, and, 
if anything, the difference should be in favour of the former. 
If Mr. Paul's (late H.B Ji.'s Assistant Eesident) estimate of the 
mining population — 5202 — ^be accepted as correct, and there 

* The reader should note that foreign is always a twelfth less than 
Larut weight, tmless otherwise mentioned. 
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are no reasons for believing it otherwise, the result is a nearer 
approach (and possibly to the truth) to that of Banca, being 
7*7 piculs = 2' 6, or a little over 2 J bharas per man per year. 
But statistics of this description are very intricate, and it serves 
no useful purpose to generalize from inadequate data. 

The following may be taken as very fair limits of the range 
of the cost of production in Larut, which has been extracted 
and deduced from previous paragraphs : — 



FarticalaTS. 


Minimum. 


Maximnm. 

•* 


Tin-sand extracted (piculs) ,. 

€tetting and washing above, from 800 to 10001 

coolies at 25 cents / 

inciting the same, in township or kongsee . . 


32 
$200-00 
40-91 


32 

250-00 

46*22 


Total cost 

Besulting metal (piculs) 

Price per picul 


240-91 

19-52 

$ 12-32 


296-22 
19-20 
15-43 



The mean of the above results of the cost of producing a 
picul of Larut tin — $13 88c. — agrees very nearly with the 
ruling in the local (Larut) market, which is $40 90c. per bhara, 
or $13 67c. per picuL It may be well to mention that there is 
much more of the cheap tin produced than the costly, the latter 
being only obtained from the scrapings of the pit and re- 
washings of the sluice. Further, the last are only the figures on 
the advancer's book — ^very little of the money leaving his hands, 
most of the payments being made in kind, where he amply pays 
himself. The advancer, in turn, makes over the tin at this 
price, plus the necessary attendant charges, to his agent in 
Penang, from whom he draws his supplies (it is said at pime 
cost), and by the time the latter receives it into his warehouse 
it costs him fully $53 40c. per bhara, or $17 80c. mi pi^y 
detailed as follows : — // fr ^ Lt 

Larut value .. .. $40-90 / 4^Av ^^ 

„ duty 10-00 ^ T/, ^4 J 

Transport and shipping .. ,. 2-50 \\ fi /^ o 

Total cost $53-40 per ^Wa"^////. ^'j^ 

Equal 17-80 per pioul^-^ <^ Y i t 
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This is somewhat below the average of the Penang market 
rates, which is $18 20c. per picnL The difference would go to 
defray re-smelting and other trifling charges ; the agent solely 
relying for profit on the advantage of -j^, or 9 per cent, ad 
valorem^ in the difference resulting from purchasing at Larut^ 
and disposing at Penang weight. 

The following are deductions of the average cost of produce 
tion in Larut : — 

Working and extracting one picul of tin-sand, $7 * 03 ; smelting 
one picul of metallic tin (from 1 * 64 tin-sand), $4*98; one man 
works and extracts 3i^ catties of tin-sand per working day, or, 
more correctly, 1225 catties per year of 350 working days = 747 
catties of metallic tin = 2*49, or 2^ bharas. 

Tin-sand is purchased from the natives on the opposite 
(Sumatra) coast for 20 florins a picul, which reduced to Larut 
weight and currency is $7 27c. per picul. The total cost of 
production in the Government mines of Banca, including work- 
ing and extracting and smelting, only comes to this amount — 
20 florins, or $7 27c. per picul of metallic tin — the cost of 
smelting being so low as 2*50 florins, or about a dollar a picul, 
showing what can be effected with improved methods of working 
under the guidance of Europeans. 

There is also a large quantity of tin produced in the other 
districts of Perak, averaging 1000 piculs per mensem. The tin- 
sand from Batang-Padang and Gopeng has been recently pro- 
nounced, by a gentleman qualified to give an opinion, to contain 
a comparatively large quantity of gold ; .the fact, however, of 
the Malayan tin-sand being more or less auriferous has been for 
a long time pretty generally known. 

The country is an '^ El Dorado " of mineral wealth, and in 
the preceding pages an attempt has been made, by describing 
the native method of working and its results, to afford informa- 
tion and data, which, while attracting the attention of capitalists, 
will give them opportunities for determining how undertakings 
might be effected, and the probable returns which may be ex- 
pected on investments made in a locality which, in this respect, 
has never met with the publicity it deserves. 
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NOTE I. (p. 3). 

Bainfall. 
The following are Meteorological Memoranda relative to 
the wettest month of an unnsually wet year. Thaipeng, Larat» 
Perak, lat. 4° 50' N., long. 100° 45' E. 

OddbeTy 1878. 

The total fall during the month was 22 '87 in., of which the greater 
part, 21 • 82 in., nearly all, fell during the day between the hours of 6 A.M. 
and 6 p.m., but chiefly in the afternoon, the remainder, only 1*05 in., 
falling during the nighU 

There was no rain on 5 days, and also none on 20 nights of the 31. 
Th6 greatest interval without rain during the month being 72 hours— 
i. e. from the evening of the 21st till the afternoon of the 24th^ The 
greatest falls were on the afternoons of the 16th, 20th, and 28th, when 
the gauge yielded 2*74, 2*24, and 2*76 in. respectively. It is inter- 
esting to note that on the 16th afternoon as much as 2*65 in. fell in 
less than an hour. 

Diameter of receiving funnel = 8 inches. 

Height above ground = 1 foot. 

Height above mean-tide level .. .. =79*5 feet. 



NOTE n, (p. 3). 

Db La Beohe's Thboby of the Formation of Deposits 

OF Stbeam-Tik. 

In the preceding pages the deposits of tin-ore, with their associated 
gravel, sands, and clays, have been attributed to an alluvial origin ; but 
the diluvial theory has many supporters, and readers acquainted with 
the characteristics of the stanniferous formations of Larut on perusing 
De La Beche's Geology of Cornwall (ed. 1839, chap, xiii.) cannot but 
conclude that the conditions under which the stream-tin of Cornwall 
is found are almost identical with those described as occurring in Larut, 
and that the explanation which is given there to account for the forma* 
tion of the deposits in one locality may be equally applied to those of 
the other. The dUv/vial theory has considerable claims to attention, 
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and is therefore reproduced here, slightly modified and condensed, from 
the work mentioned. 

The geological age of the yalleys in which stream-tin is found, is a 
fiubject of considerable difficulty. It by no means follows, because there 
18 a very general resemblance in the character of these valleys, they 
have all been contemporaneously formed ; on the contrary, it can be 
readily supposed that they may have been produced by the operation of 
similar causes over various times. Under any circumstances, they 
have probably been much modified by the action of the waters which 
have drifted the tin-stone pebbles. The presumption is that they 
were above the level o£ the sea, as they now are, and that the drift 
of transported matter covered the lower parts in the manner now seen. 
If the stream-tin occurred in frequent layers and was irregularly dis- 
persed in the mass of detritus now found in the valleys containing it, 
it might be supposed that rivers, running over ground traversed by 
strings or lodes of tin, brought down pebbles of tin-ore when in flood, 
distributing them here and there according to circumstances, while at 
other times they merely carried forward the ordinary and less pon- 
derous detritus. So ki from the tin-stone pebbles being thus dispersed 
through the mass of gravels and sands in tiie valleys containing them, 
they are found at the base of the whole, resting upon the subjacent rock, 
commonly termed the shelf y forcing their way, particularly when the 
tin-stone grains are fine, into all the chinks and crevices on its surface. 
The stieam-tin is always moreover found in greater abundance where 
we may suppose that eddies would be produced in a volume of water 
pouring down the stanniferous valleys, these having the general forms 
they now possess. It appears as if any previous detrital contents of 
the stanniferous valleys, should §uch contents have existed, had been 
fairly washed out by a mass of water rushing over the land, rolling and 
driving various loose materials before it, and allowing the tin-stone, 
from its greater specific gravity, to be strewed along the bottom, where 
circumstances permitted. It so happens that the valleys and lower 
grounds, rich in stream-tin, generally proceed from and lie near granitic 
hills traversed by a multitude of branches and strings of oxide of tin ; 
and the inference is, that a body of water rushing violently over these 
hills, would remove the decomposed or disintegrated crust, and cany it 
down the valleys, first distributing the tin-stone pebbles, as now found, 
into the chief inequalities, while lighter bodies were carried forward. 
An hypothesis of this kind — ^requiring that prior to the production of 
stream-tin, a mass of decomposed granite existed, and that a body of 
water was driven violently against and over it — ^is what the evidence 
of the diluvial theory, in favour of a sweeping inundation, is based on. 
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NOTE in. (p. 7). 
Ettbopean Applianoes in thb Labut Mines. 

In tlie model mine of the country^ viz. that of Captain Ah Qnee, at 
Samnntin, already often referred to, the extension of the worldng 
rendered the introduction of an additional steam-pump, to the one 
working, very necessary to provide against accidents, particularly break- 
downs, and heavy falls during the rainy weather. The mine is situate 
in a valley, of half a mile at its widest part, and inmiediately at the 
foot of a range of hills with their tops buried in clouds. The rainfall in 
this particular place may be safely taken at from 3 to 5 inches in from 
one to two hours, the average being probably an ingh a day during the 
N.E. monsoons. 

The percolation through the superficial detritus or silt of the valley 
is also very great. The excavation covers nearly 2 acres, with a working 
face of 10 chains (660 feet), and affords employment for fcilly 300 
miners. 

Two of Gwynne's centrifugal pumps with 6 and 8 inch suction pipes, 
lift 25 feet, and each driven by an engine working up to 10-horse power, 
are able to drain the working, under the most unfavourable circumstances, 
in six hours, and afterwards one of them could easily maintain it dry aU 
the year round. ; 

The establishment and other attendant expenses required in any 
month for working the GK)vemment engine at Topai are as follow :-^ 

Establishment — 
One engineman $20*00 

1600 

Three coolies at $7 21*00 

$57*00 

Fuel^ 

30 days at 900 billets of wood = 2,700 
billets, at 9 cents 243*00 

243*00 

Other charges — 

Oil, cocoanut, for lamps, 30 days at } catty 

= 15 catties at 14 cents 2*10 

Oil, castor, for machinery, 30 days at 1 

bottle = 30 bottles at 25 cents .. .. 7*50 

Sundries, including packing and tallow, &c. 5 * 00 

Bepairs to wear and tear of plant and 

machinery .. •• 10*40 

25*00 

Total .. .. $325*00 
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Or, allowing for the saving in fael that would be effected on days that 
the engine might be laid up for repairs, the monthly working expenses 
of the engine would be fairly represented by $300, which may be taken 
as the cost of maintaining any ordinary steam-pump in the mines. 



NOTE IV. (p. 15). 

BlOHNESS OF THE DEPOSITS OF TiN-ObE. 

The percentage of tin-sand or grain-tin in the ore layers depends, of 
course, on the conditions under which they have been originally de- 
posited. The ore stratum which underlies the metalliferous area in 
Larut is frequently traversed by streams or bands of richer deposit than 
the general average, and in certain places where eddies doubtless exisi;ed 
in the body of water carrying the stream-tin and its associated gravel, 
the ore layer is found unusually rich in tin-sand. The upper portion of 
the deposit of tin-ore is generally very poor, the lowermost being richest, 
the change being progressive from top to bottom — often ranging from 
to 6 per cent. 

The following are results recently obtained in washing a bucket of 
'* wash-dirt " from the last foot of an 8-foot ore layer in what is con- 
sidered by the mineris " very good " ground :— 

Contents of bucket = 1813 cubic in. ; yield of tin-sand on washing, 
106 cubic in., or 5*85 per cent The 106 cubic in. of tin-sand weighed 
exactly 11 (Larut) catties = 15*6 lb., affording a specific gravity of 
4*07, or over a half, and nearly two-thirds, of that of metallic tin, but 
this tin-sand having been obtained by careful washing in a tray for the 
experiment, would contain less foreign substances than if obtained by 
the usual sluice-washing— the tin-sand from which only yielded a 
specific gravity of 3*4. It may be stated as a safe rule, that, generally, 
the specific gravity of tin-sand from the Larut mines is a half of that 
of the white metal, which, according to Brisson (quoted by Hunt), 
is 7-291. 



NOTE V. (p. 21). 

SuPEBSTinON OF THE CHINESE MiNEBS. 

The extent to which t}na is carried may be further exemplified by a 
recent occurrence in Larut. Ah Quee (the " Capitan Cheena," before 
adverted to, p. 7), being desirous of extending his mining operations, 
resolved upon employing Klings (natives of India, chiefly Madrassees, 
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Tamils) f as a substitute for his more expensive oountrTmen, who hap- 
pened at the time to be scarce, in great demand, and consequently, at a 
high premium. Arrangements had been completed, and everything 
ready to commence, when an unexpected difficulty intervened--an 
element heretofore omitted in the calculations — nether garments! 
^' Laotse," the guardian spirit of the mines, had been offended at the 
proposed desecration of his abode by semi-nude strangers — ^to wit, the 
KlingSj who dispense with the lower garment, and, if possible, reduce 
their apparel to a minimum. The enterprising Chinaman, being disin- 
clined to offend, and not being able to overcome the prejudices of his 
countrymen, yielded to the force of public opinion, and abandoned 
the idea. 

There might, probably, be something more in the above than mere 
superstition — John Chinaman being notorious for *' clever practices " in 
the Far East — it having been suggested that, in this instance, the demon 
was a mythf a spirit raised as required, and very convenient to scare 
away a rather troublesome, and what would have become, in course of 
time, serious competition. 

Speculation was at one time rife as to whether the leather prohibi- 
tion, mentioned in the text, might be only a politic measure on the part 
of the miners to exclude Europeans from inquiring too much into their 
affairs But Mr. Logan mentions that the Sambas Chinese gold miners 
would not allow anyone with a payong, or umbrella, to approach the 
mines ; and more recently, it may be added, that the miners on the 
Batang Padang River, in a different part of Perak, nearly 100 miles from 
Larut, strenuously opposed and would not allow Mr, Low, H.B.M.'s 
Kesident, on any account access to their mines ; there, as elsewhere, 
Chinese superstition being the great obstacle to mining research. 



NOTE VI. (p. 22). 
MiNEBAL Statistics op the United Kingdom, 1877. 

The following information relative to the value of tin-ore, of the pro- 
duction of metal obtained from such ore, and the value at the place of 
production, as well as the average market prices, and the imports and 
exports, is extracted from * The Engineer ' of October 11, 1878 : — 

Tin, Ore and Metallic — White Tin, — ^This industry is one of the 
oldest in the kingdom, and is confined exclusively to the counties of 
Cornwall and Devon, where the tin-ore is invariably found in the 
crystalline and metamorphic rocks, in several forms of deposit, the most 
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importaat of which is ia fissares, or vdiu, or lodes, and from sncli tike 
gnat hulk of tin contained in tbeee counties ia derived. It also occnrs 
in &6 form of Btream-tin, i. e. in small grains and nodules, deposits in 
alluvial sands and gravels, the result of the distnt^Tation of the primary 
rocks of the neighbouring hills. Many of the mines of these western 
Coonties have been in operation, with occasional intetruption, for ne&tly 
a century. 

In the year 1877, the ninety-eight mines selling ore produced 
14,142 tons, of the value of 572,7632.; and yielded of metallic tin 
9500 tons, of the value of 695,1621., the average prices of tin-ore and 
metallic tin being respectively 402. lOi. aod 732. 3a, Sd. per ton, while 
in 1872, the ruling prices gave tin-ore 87?. 7s,, and metallic tin 152;. 15s. 
per t«n, prices in themselves telling unfavourably for the successful 
development of tin mining. The depth of some of the Gomish mines 
is considerable, that of Botallack, now worked ss a tin-mine, having 
excavations under the sea to a distance of 816 yards. These, however, 
were abandoned towards the end of the year 1875. 

The imp(»ts of tin in 1877 were 276,236 cwt., valued at 961,3302., 
compared with 304,448 cwt., valued at 1,148,1642. in the previous 
year. The exports of British tin being respectively in 1877 and 1876, 
122,202 cwt. and 99,217 cwt, valued at 449,6562. and 392,7002. 

From Sydney, Melbourne, and other Australian ports, the imports 
amotinled to 181,860 cwt. 
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tion — River Works — Harbours — Lighthouse Buildings — Native Labour — The Principal 
Trees of India— Money— W«ghts and Measures— Glossary of Indian Terms, etc. 
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The Clerk of Works; 2l Vade Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HosKiNS, 
F.R.LB.A. Fcap. 8vo, doth, \s, 6d, 

Coffee Planting in Southern India and Ceylon. By 

E. C. p. Hull. Crown 8vo, cloth, 9J. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc, and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical R^ons. By 
P. L. SiMMONDS. Second Edition, revised and improved, in one thick 
vol. 8vo, cloth, lUis, 

Compensations; a Text-book for Surveyors, in tabu- 
lated form. By Banister Fletcher. Crown 8vo, cloth, 5^. 

Contents : 

The Varieties of Dams^e for which Claims may arise— Various Classes of Property^— 
Points to be observed in Survevs— Notices to Treat — Nature of Damage for which Clauns 
can and cannot be sustained-^What Property can be comptdsorily taken— When 'Entry on 
Pn^rty can and cannot be compulsorily made— Of Goodwill and Stock — and of the various 
I„^^ Methods of Settlement of Disputed Claims— together widi Full and Explicit Instruc- 
tions on the Methods of Valuing and of Making Claims ; widi Comments on Cases arUing 
under the Metropolis Local Management and Metropolitan Buildings Acts ; the whole ^ven 
in a Practical and Comprehensive Form, supplemented by a copious Appendix, contaming 
many Useful F<Mins and Precedents, and also TaUes for the Valuation ot Freeholds, Lease- 
hold^ Reversions, and Life-Interests. 

Cotton Cultivation in its various details; the Barrage 

of Great Rivers, and Instructions for Irrigating, Embanking, Draining, 
and Tilling Land in Tropical and other Countries possessing high thermo- 
metric temperatures, especially adapted to the improvement of the cultural 
soils of India. By Joseph Gibbs, Member Institute Civil Engineers. 
With 5 plates. Crown 8vo, cloth, ^s, 6d. 

Dilapidations; a Text-book for Architects and Sur- 
veyors, in Tabulated Form. By Banister Fletcher, Fellow Royal 
Inst. Brit Arch. (Author of * Model Houses'), showing who are liable for 
Dilapidations, and the extent of the liability of Lessors, Lessees, Tenants 
at will. Tenants by elegit. Statute, Merchant, or Staple Tenants in fee 
simple. Tenants in tail. Tenants for life, Tenants for years without 
impeachment of Waste, Mortgagor, Mortgagee in possession. Yearly 
Tenants, Tenants in common, and joint Tenants, Rights of coparceners ; 
also what are dilapidations and waste, and further fully instructs the 
surveyor how to take and value them, to which is added the duties of 
surveyors, with a table of legal cases, embracing the most recent, and 
illustrated throughout by examples drawn from the author's experience^ 
and latest legal decisions. Crown Svo, cloth, 5^. 
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Spans'" Dictionary of EngineeHng, Civil, Mechanical^ 

Military^ and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings ^ in super-royal 8vo, 
in 8 envisions, 5/. &r. Complete in 3 vols., doth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2x. 

A Treatise on the Origin, Progress, Prevention^ and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. Plates, crown 8vo, cloth, 7j. ^d, 

A General Table for facilitating the Calculation of 

Earthworks for Railways, Canals^ etc; with a Table of Proportional 
Parts. By Francis Bashforth, M.A., Fellow of St. John's College, 
Cambridge. In 8vo, cloth, with mahogany slide, 4r. 

" This little volume should become the handbook of every person whose duties require even 
occasional calculations of this nature : were it only that it is more extensively applicable than 
any other in existence, we could cordially recommend it to our readers ; but when they learn 
that the use of it involves only half the labour of all other Tables constituted for the same 
purposes, we ofifer the strongest of all recommendations— that founded on the value of time.'*— 
Mechantc's Magazint, 

A General Sheet Table for facilitating the Calculation 

of Earthworks, By F. Bashforth, M.A. (>d, 

A Handbook of , Electrical Testing. By H. R. 

Kempe, Assoc, of the Society of Telegraph Engineers. Fcap, 8vo, 
cloth, 5j. 

Electricity; its Theory, Sources, and Applications. 

By John T. Spraguk, Member of the Society of Telegraph Engineers. 
"With 91 woodcuts and 30 valuable Tables. Crown 8vo, cloth, 8x. 

Electricity and the Electric Telegraph. By George 

B. Prescott. With 564 woodcut illustrations^ 8vo, cloth, iSj. 

Electro -Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer, a Book for Beginners. Fcap. 8vo, cloth, u. 6df. 

Engineering Papers.. By Graham Smith. 8vo, 

doth, ^s. Contents: 

Mortar; "Miller Prize*' Paper— Practical Ironwork : "Miller Prize" Paper^Retaining 
Walls: Paper read at the Edinburgh and Leith Engineers' Society. With Addenda and 
Discussions to each. 

Spons' Engineers^ and Contractors Illustrated Bvok 

of Prices of Machines^ Tools^ Jrontvork^ and Contractors^ MateriaL 
Royal 8vo, cloth, yj. (td. 

The Gas Consumers Handy Book. By William 

Richards, C.E. i8mo, sewed, (yi. 
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A PockH-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers, By GuiLFORD L. MoLESWORTH, 
Mem. Ins. C. E., Consulting Engineer to the Government of India for 
State Railways. Nineteenth edition, with a valuable contribution on 
Telegraphs by R. S. Brough and Dr. Paget Higgs. 32mo, roan, 6j'. 
Ditto, interleaved with ruled Paper for Office use, 9J. Ditto, printed on 
India paper, dr. Synopsis OF Contents: 

Surveying, Levelling, etc. — Strength and Weight of Materials— Earthwork. Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Roof 
Trusses--^irders, Bridges, etc.— Railways and Roads— Hydraulic Formulae— Canals. Sewers, 
Waterworks, Docks—Irrigation and Breakwaters— Gas, Ventilation, and Warming — Heat, 
Light, Colour, and Sound — Gravity : Centres, Forces, and Powers — Mtllwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery — ^Animal Power^Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.— Weights, 
Measures, and Money — Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion — ^Tables of Areas and Circumference, and Arcs of Circles— rLogarithms, Square and- 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Difforentiad and Int^;ral Calcu* 
lus— Algebraic Signs— Telegraphic Construction and Formulae. 

" Most of our readers are already acauainted with MoIesworth*s Pocket-book, and not a 
few, we imagine, are indebted to it for valuable information, or for refreshers of the memory. 
The book has been re-arranged, the supplemental formulae and tables added since the first 
issue having now been incorporated witn the body of the book in their proper positions, the 
whole makii^ a handy size for the pocket. Every care has been taken to ensure correctness. , 
both clerically and typographically, and the book is an indispensable vade-mecum fot- the 
mechanic and the professional mzn.**-^Eng^iisA Mechanic, 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors* Handbook,' 'Hurst's Tredgold*s Carpentry,' etc. 64mo, roan, 
gilt edges, third edition, revised and improved, ix. Or in cloth case, 
\s, 6d, 

This work is printed In a peari type,^ and is so small, measuring only si in. by xi in. by 
i in. thick, that it may be easily earned in the waistcoat pocket. 

*' It is certainly an extremely rare diing for a reviewer to be called upon to notice a volumo. 
measuring but 2! in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume— which contains xi8 printed pages, besides a few blank 
pages for memoranda— is, in fact, a true podcet-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 

would imagime could be compres^d into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket covafaLnvon.**-^Engineering, 

The French- Polisher s Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving^ 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smootlung, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d, 

Analysis, Technical Valuation^ Purification and Use 

of Coal Gas, By the Rev. W. R. Bowpitch, M.A. With wood engravings, 
8vo, cloth, I2X. 6d, 




Test Candles — ^The Standard for Measuring Gas-light — Test^ Burners — ^Testing Gas for 
Sulphur — Testing Gas for Ammonia — Condensation by Bromine— Gravimetric Method of 
taking Specific Gravity of Gas — Carburetting or Naphthalizing Gas — ^Acetylene— Explosions 
of Gas-Gnawing of Gaspipes by Rats— Pressure as related to Public Lightmg, etc. 
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A Practical Treatise on the Manufacture and Distri' 

button of Coal Gas, By William Richards. Demy 410, with numerous 
wood engravings and large plates^ cloth, 2&r. 

Synopsis of Contents. 

Introduction— History of Gas Lij(htins— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrsd— Retort^ Iron and Clay^-Retort Setting— Hydraulic Main— Con- 
densers ^Eauiausters- Washers and Scrubbers— Purifiers— Purification — History of Gas 
Holder --Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron- Specifications— Gas Holders ^Station Meter — Governor — Distribution- 
Main^— Gas Mathematics, or Formulas for the Distribution of Gas, by Lewis Thompson, £sq[.— 
Services — Consumers* Meters — Regulators— Burners— Fittings — Photometer— Carburiration 
of Gas— Air Gas and Water Gas-H^omposition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shading Shade-lining, etc, 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut R.£«, Instructor 
in Mechanical Drawing, Royal Indiail Engineering College, Cooper's 
Hill. 20 platesy ^io, cloth, 15J. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, Cooper's HilL Crown 8vo, cloth, y. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, etc. By Thomas 
Box. Second edition, revised and enlarged, crown 8vo, cloth, 12^. dd. 

Hints to Young Engineers. By J. W. Wilson, 

A.I.C.E., Principal of the Crystal Palace School of Engineering. i2mo, 
sewed, (id. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter, translated from articles in 
the * Cultur-Ingenieur.' By Lowis D'A. Jackson, Assoc. Inst C.E. 
8vo, cloth, I2J-. dd, . 

Office Hydraulic Tables ; for the use of Engineers 

engaged in Waterworks, giving the Discharge and Dimensions of Rivers, 
Channels, and Pipes. By J. Neville. On a large folio sheet, is. 

Hydraulics of Great Rivers ; being Observations and 

Surveys on the Largest Rivers of the World, By J. J. Revy. Imp. 4to, 
cloth, with eight large plates and charts^ 2/. 2s, 
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HopSy their Cultivation^ Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Cown 8vo, doth, 4J. 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc^ etc Bjr Thomas Box. Fourth edition, 
numerous plates^ post Svo, cloth, 5^. 

The Indicator Diagram Practically Considered. By 

N. p. Burgh, Engineer. Numerous illustrations, fifth edition. Crown 
Svo, cloth, 6s, 6d. 

" This volume^ possesses one feature which renders it almost unique ; this fisature is the 
mode in which it is illustrated. It b not difficult to take a diajjnram if the instrument is once 
set, and the setting with stationary engines is occasionally easy enough, but circumstances 
continually arise under which the young engineer is completely at a loss as to how to obtain 
a diagram. All uncertainty will m removed by referring to the book under consideration : 
here we have drawings of the arrangements to be adopted under everjr conceivable circum- 
staiice, drawings, we may add, illustrating the {Hractice of the best engineers pf the day."— 
Engmeer, 

Link-Motion and Expansion Gear Practically Con- 
sidered, By N. P. Burgh, Engineer. Illustrated with 90 plates and 229 
vhhkI engravings, small 4to, handsomely half-bound in morocco, 2L 2s, 

The Mechanician and Constructor for Engineers, 

cdmprising Forging, Planing, Lining, Slotting;, Shaping, Turning, Screw 
Cutting, etc. By Cameron Knight. Containing ^6 plates, I147 illus- 
trations, and Tffi pages of letterpress, 4to, half-morocco, 2/. I2j. dd. 

The Essential Elements of Practical Mechanics; 

baseil on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
fingineers. Second edition, illustrated by numerous wood engravings, 
post Svo, cloth, 7^. 6d, 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap.^ j. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

The Practical Millwright's and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3^. 

Contents; 

' Diameter and Power of Wheels — Diameter, Weight, and Power of Shafts— Multipliers for 
Steam used Expansively— Diameters and Strength of Bolts— Size and Weight of Hexagonal 
jtf u(5...Speed of Governors for Steam Engines-Contents of Pumps— Working Barrels — Cir- 
ctimferences and Areas of Circles — Weight of Boiler Plates— French and English Weights and 
Measures, etc. 
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The Principles of Mechanics and their Application to 

Prime Movers, Naval Architecture, Iron Bridges, Water Supply, etc. By 
W. J. Millar, C.E., Secretary to the Institution of Engineers and Ship* 
builders, Scotland. Crown 8vo, cloth, 4r. 6d. 

A Practical Treatise on Mill-gearing, Wheels, Shafts, 

diggers, etc; for the use of Engineers. By Thomas Box. Crown 8vo, 
dodi, second edition, ^s, 6d, 

• 

Mining Machinery; a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre, F.G.S., Assoc. Inst CJL, Menu of the Society of Engineers^ 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in. 
2 vols., cloth, 3/. I2J. Contents : 

Machinery for Prospecting, Excavadng, Hauling, and Hoisting— Ventilation— Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron,. 
Coal, Sulphur, China Clay, Brick Earth, etc. 

The Pattern Makers Assistant ; embracing Lathe 

Work, Branch Work, Core Work, Sweep Work, and Practical Gear 
Construction, the Preparation and Use of Tools, together with a large 
collection of Useful and Valuable Tables. By Joshua Rose, M.E. 
With 250 illustrations. Crown 8vo, doth, lOr. 6d, 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications, with 
numerous illustrations » By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, \%s. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations- 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 15/. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems — ^Lines, Dots, and their 
Combinations-Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans— Map Drawing — Mechanical and Architectursu 
Drawing*— Copying and Reducing Trigonometriod Formula, etc., etc. 

The Railway Builder ; a Handbook for Estimating- 

the Probable Cost of American Railway Construction and Equipment. 
By William J. Nicolls, Civil Engineer. Illustrated, full bound, pocket- 
book form, yj. 6^. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andr:^, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
lox. 6d, 
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Surcharged and different Forms of Retaining Walls^ 

By J. S. Tate. Cuts^ 8vo, sewed, 2x. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railwa3rs, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard^ 
Deptford. Second edition, 12 mo, cloth, 3/. 

Sanitary Engineering; a Series of Lectures given 

before the School of Engineering^ Chatham, Division I. Air. — Division II. 
Water. — Division III. T^he Dwelling. — Division IV. The Town and 
Village. — Division V. The Disposal of Sewage. Copiously illustrated. 
By J. Bailey Denton, C.E., F.G.S., Honorary Member of the Agri- 
cultural Societies of Norway, Sweden, and Hanover, and Author of the 
•Farm Homesteads of England,' 'Village Sanitary Economy,' 'Storage 
of Water,' * Sewage Farming,* etc Royal 8vo, cloth, 25 j. 

Sanitary Engineering; a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts^ 8vo, cloth, i/. lar. 

Cleaning and Scouring; a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d, 

A Practical Treatise on modem Screw-Propulsion. 

By N. P. Burgh, Engineer. Illustrated with 52 large plates and 103 
woodcuts^ 4to, half-morocco, 2/. 2x. 

Screw Cutting Tables for Engineers and Machinists y 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc Royal 8vo, cloth, oblong, zs. 

Screw Cutting TableSy for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engmeer, 
Second edition, royal 8vo, oblong, cloth, ix. 

Vazeeri Rupi^ the Silver Country of the Vazeers, in 

Kulu : its Beauties, Antiquities, and Silver Mines, including a Tnp over 
the lower Himalayah Range and Glaciers. By J. Calvert, F.G.S., 
Mem. Inst. C.E. Illustrated with a map and coloured plates^ 8vo, cloth, 
l6s. 
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A Treatise on a Practical Method of Designing Slide 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

The Slide Valve practically considered. By N. P. 

Burgh, Engineer. Seventh edition, containing 88 illustrations^ and 
121 pages of letterpress ^ crown 8vo, cloth, 5^. 

A Pocket-Book for Boiler Makers and Steam UserSy 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public By Maurice John Sexton. , Royal 32mo, roan, gilt 
edges, 5j. ^ 

Practical Treatise on Steam Boilers and Boiler 

Making, By N. P. BuRGH, M;em. Inst. Mec. Eng. Illustrated by 1 163 
wood engravings and 50 large folding plates of working drawings^ royal 4to, 
half-morocco, 3/. 13J. 6</. 

Modern Compound Engines ; being a Supplement to 

Modern Marine Elngineering. By N. P. BURGH, Mem. Inst. Mech. Eng. \ 

Numerous large plates of working drawings ^ 4to, cloth, i&r. ] 

The foHowing Firms have contributed Working Drawings of their best and most modem i 

examples of Engines fitted in the Royal and Mercantile Navies : Messrs. Maudslaj^, Rennie t 1 
Watt, Dudgeon, Hiunphreys, Ravenhill, Jackson, Perkins, Napier, Elder, Laird, Day, 

Allibon. ~ I 

A Practical Treatise on the Steam Engine^ con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ piaies^ in one Volume, half-bound morocco, 2/. 2x. 

This work b not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without enterii^ into ttie vride 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, ^ Semi- 

Sirtable, Coniss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
reat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Hston-rods, Connecting- 
rods, Cross-heads, Motion>blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection vrill be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
^rect. 
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The Steam Engine considered as a Heat Engine : 2l 

Treatise on the Tneory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
Professor of Applied Mechanics in the Royal Naval College; 8vo, cloth. 

Modern Marine Engineering applied to Paddle and 

Screw Propulsion ; consisting of 36 plates^ 259 wood engravings^ and 
403 pages of descriptive matter, the whole being an exposition of the 
present practice of the following firms : Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; J. and G. Rennie ; 
R. Napier and Sons ; J. and W. Dudgeon ; Ravenhill and Hodgson > 
Humphreys and Tennant ; Mr. J. F. Spencer ; and Messrs. Forester and 
Co. By N. P. Burgh, Engineer, 4to, doth, 2/. y, 

A Pocket-Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Sixth edition, revised, with Appendix, ro}^ 32mo, roan, 4;. dd. 

Details of High-Pressure Ennne, Beam Engine, Condensiog, Manoc Screw Engines, 
Oscillating Engines, Valves, etc. Land and Marine Boilers, Proportions oi Engines produced 
by the Rules. Proportions of Boilers, etc. 

A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating QuantiiieSi etc., with a 
general description of the several Instnunents required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. 41 fine plates with Illus- 
trations and TabUSi royal 8vo, cloth, third edition, I2j. w. 

Principal Contents : 

Part z. Introduction and the Principles of Geometry. Part 3. Land Surveying: com* 
prising General Observations— The Cham — Offsets Surveyinz by the Chain onI^--Surveying 
Hilly Ground — ^To Survey an Estate or Parish by the Chain only— Suiveying wkh the 
Theodolite — Mining and Town.' Surveying — Railn»d Surveying — Mappnig— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Fart 3. Levelling^ 
Simile and Compound Levelling-^The Level Book— Parliamentary Plan and Section- 
Levelling with a TheodoIite-^radient^-Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments — ^Tunnels— Brickwork — Ironwork—* Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting— The Improved Dumpy Levef— Troughton^s 
Level— The Prismatic Compass — Proportional Compass— Box ^Sextant — Vernier— Panta- 
graph — Merrett's Improved Quadrant— ImjMroved Computation Scale— The Diap^onal Scale—' 
Straight Edge and Sector. Part 6. Logarithms of Numbers^ Logarithmic Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co* Sines— Tables for Earthwork, 
for Setting out Curvesi and for various Calculations, etc., etc., etc. 

The Chemistry of Sulphuric Acid Manufacture. By 

Henry Arthur Smith. Cuts, crown 8vo, cloth, 4r. dd. 

Contents : 

Ground Plan of Kilns for Burning Sulphur Ores— Section of Pyrites Furnace^— On the 
Presence of Arsenic— Methods for Removal (^ Arsenic— An Experimental Examination of the 
Circumstances which determine the Action of the Gases in the Lead Chamber^-On the Dis- 
tribution of Gases in the Lead Chamber— On the Temperature at which Nitrtc Aenl acts upon 
Sulphurous Acid— On the Dbtribution of Heat in the Lead Chamber— Aa laquiry imto t^ 
Best Form of Leaden Chamber, etc. 
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The Principles and Practice of Engineering, Trigono- 

metrical. Subterraneous, and Marine Surveying, By Charles Bourne, 
C,E. Third edition, numerous plates dnd woodcuts, 8vo, clotli, 5^*. 

Table of Logarithms of the Natural Numbers, from 

I to 108,000. By Charles Babbage, Esq., M.A. Stereotyped edition, 
royal 8vo, cloth, *js, 6d. 

To ensure the correctness of these Tables of LoearithmSi they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor s Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So OMrect are these Tables, that since their first 
issue in 1827 no error has been dbcovered. 

Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Boots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, dr. 

Camus (M,) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
itheir numbers, translated from the French. Third edition, carefully revised 
and enlarged, with details of the present practice of Millwrights, Engine 
Makers, and other Machinists. By Isaac Hawkins. Illustrated by 
j^ plates^ 8vo, cloth, 5j. 

The Practical Sugar Planter; a complete account 

of the CttltivaXion and Manufacture of the Sugar Cane, according to the 
latest aad most approved processes, describing and comparing the different 
•systems pursued in the East and West Indies and the Straits of Malacca, 
and the relative expenses and advantages attendant upon each, being the 
result of sixteen years' experience as a Sugar Planter in those Coimtries. 
By Leonai^d Weay, Esq. 8vo, cloth, los, 6d, 

Laying and Repairing Electric Telegraph Cables. By 

Capt V, HositlCER, Royal Danish Engineers. Crown 8vo, cloth, 
%s. M- 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc, with Instmcjkions for Turning such Work in Metal as may be required 
in .the Practice of Turning in Wood, Ivory, etc., also an Appendix on 
Ornamental Turning. By FranciS Campin. Second edition, with wood 
engravings, crown 8vo, cloth (a book for beginners), 6s, 

Contents : 

On X^thes>»-Tuming Tools-^Tuming Wood— Drilling— Screw Cutting^Miscellaneous 
Api^atus and Processes-«'Tuming Particular Forms-^Staining— Polishing^Spinning Metals 
•iOaatenals«*OrnamQntal Turning, etc 
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Health and Comfort in House Buildings or Ventila- 
tion with Warm Air by Self-Acting Suction Fower^ with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments, By T. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, witn Supplement, demy 8vo, with plates^ cloth, yj*. 6d,\ 
the Supplement separate, 6d. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by Moritz MVller. Plates, 8vo, 
doth, I2s, 6d, 

Treatise on Watchwork, Past and Present, By the 

Rev. H. L Nelthropp, M.A., F.SA. Numerous illustrations, crown 
8vo, cloth, 6j. 6<f. Contents : 

Definitions of Words and Terms used in Watchwork — Tools — ^Time— Historical Sum- 
mary — On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge — ^The Horizontal — ^The Duplex— The Lever— The Chronometer — Reoeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation— Jewelling of 
Pivot Holes— <^erkenweU— Fallacies of the Trade — Incap&city of Workmen?— How to Choose 
and Use a Watch, etc. 

The Present Practice of Sinking and Boring Wells, 

with Geological Considerations and Examples of Wells. By Ernest 
Spon, Member of the Society of Engineers, of the Franklin Institute, of 
the Iron and Steel Institute, and of the Geologists' Association. Crown 8vo, 
cloth, illustrated ^276 diagrams and engravings to scale, *js, 6d. 

Workshop Receipts for Ma^tufacturers, Mechanics, 

and Scientific Amateurs, By ERNEST Spon. With numerous illustrations, 
450 pp., crown 8vo, cloth, 5J. 

Containing Receipts for 

Bookbinding— Bronzes and Bronzing — Candles^Cement— Cleaning— Colour-washing— 
Concretes — Dipping Acids — Drawing Office Details— Drying Oils — Dyeing — Dynamite— 
Electro-Metallurgy (Cleaning, Dipping, Scratch-brushing, Batteries, Baths, and Deposits of 
ever]^ description)— Enamels— Engravin|f on Wood, Copper, Gold, Silver, Steel, and Stone — 
Etching and Aqua Tint — Firework Making (Rockets, Stars, Rains, Gerbes, Jets, Tourbillons, 
Candles, Fires, Lances, Lights, Wheels, Fire-balloons, and minor Fireworks}— Fluxes- 
Foundry Mixtures— Freezing — Fulminates— Furniture Creams, Oils, Polishes, Lacquers, and 
Pastes— Gliding— Glass Cutting, Cleanin|^, Frosting, Drilling, Darkening, Bending. Staining, 
and Painting — Glass Making— Glues— Gold— Graining — Gums— Gun Cotton— Gunpowder- 
Horn Working— Indiarubber— Ink (Writing and Printing)— Japans, Japanning, and kindred 
processes— Lacquers — Lathing^Leather— Lubricants — Marble Workiiw — Matches— Mortars 
— Nitro-Qycerine — Oils — Paper — Paper Hanging— Painting in Oils, in Water Colours, as 
well as Fresco, House, Transparency, Sign, and Carriage Painting — ^Photography^Pig- 
ments— Plastering — Polishes— Pottery (Clays, Bodies, Glazes, Colours, Oils, Stains, Fluxes, 
Enamels, and Lustres) — Scouring — Silvering— Soap-y-Solders — Tanning — ^Taxidermy— Tem- 
pering Metals— Treating Horn, Mother-o'Pearl, ana like substances— Varnishes^ Manufacture 
and Use of — Veneering — Washing — Waterproofing —Welding — Whitewashmg. — Besides 
Receipts relating to the lesser Technological matters and processes, such as the Manufacture 
and Use of Stencil Plates, Blacking, Crayons, Paste, Putty, Wax, Size, Alloys, Catgut, Tun- 
bridge Ware, Picture Frame and ArchitectunJ Mouldings, Compos, Cameost and others too 
numerous to mention. 
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THE TRANSACTIONS OF THE SOCIETY OF 

ENGINEERS. 

Published Annually. 8vo, cloth, price i$s, 

THE JOURNAL OF THE IRON AND STEEL 

INSTITUTE. 

Published Half-yearly. 8vo, sewed, price 7j. 6^. 



THE JOURNAL OF THE SOCIETY OF TELEGRAPH 

ENGINEERS. 

Published Quarteriy. 8vo, sewed, price Js, 6d, 



THE PEOOEEDIUGS OF TBE ASSOOIATIOIJ OF SANITAEY 
AND HnNIOIPAL ENGnTEEBS Aim STJBYETOBS. 

Published Annually. Svo, cloth, price lOf. 6d, 

NOW IN COURSE OF PUBLICATION, 

To be completed in about 30 Monthly Parts, each Part containing 64 pp^ 
with nutnerotts illustrations y super-royal Svo, price 2j, 

SPONS' ENCYCLOPEDIA 

OF THK 

UroUSTEIAL AETS, MAinjFAOTTJEES, AND OOMMEEOIM^ 

PEODUOTS. 
Edited by GEO. G. ANDRE, F.G.S., Assoc. Inst. C.£. 



NOW IN COURSE OF PUBLICATION 

To be completed in about 15 Monthly Parts, each Part containing 64 pp., 
with numerous illustrations ^ super-royal Svo, price 2j. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING, 

CIVIL, MECHANICAL, MILITARY, AND NAVAL. 
Edited by ERNEST SPON, Memb. Soc. Engineers. 



London: E. & F. N. SPON, 46, Charing Cross. 

New York : 446, Broome Street. 
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